Abstract --This study demonstrates the potential for applying passive microwave satellite sensor data to infer the discharge dynamics of large river systems, using the mainstem Amazon as a test case. The methodology combines a).
INTRODUCTION
The water cycle is an important component of the Earth System. River discharge can provide validation for both empirical water balance models and climate change scenarios. River heights and flows are also of importance to landscape processes including the generation and transport of sediment, nutrients and carbon, and through floodplain inundation, the consequent generation of trace gases.
Hydrological features are distinguishable with microwave sensors. The Scanning Multichannel Microwave Radiometer (SMMR) aboard the Nimbus-7 satellite collected horizontally and vertically-polarized brightness temperatures at 37 GHz between 1978 and 1987, at a spatial resolution of about 25 km. The difference ( O K ) between the horizontally and vertically-polarized temperatures (HVPTD) are related to the dipolar moment of water and the sensor should yield an [2] . HVPTD values have been shown to be positively correlated with variations in water level for many large South American rivers and wetland systems [3] .
The purpose of this study is to demonstrate the potential for applying 37 GHz passive microwave data to generate remotely-sensed, contiguous discharge hydrographs along the mainstem Amazon River, and to test the limits of the approach. It prepares a framework for monitoring other large rivers and for exploring the use of contemporary and future passive microwave data sets in conjunction with hydrological models.
METHODS

Study Area
The setting for this analysis is the Amazon River drainage basin (Fig. 1 a) . We consider the mainstem Amazon River to begin in the Brazilian State of Amazonas (ca. 71.5 degrees West; 4.0 deg. South), progress downstream through the large floodplain-dominated channel system, and end at a point close to the city of Obidos (ca. 56.0' W; 2.0' S), the farthest downstream location not influenced by coastal tides.
Climatic Time Series
Representative climatic time series of monthly air temperature ( r ) and precipitation ( P ) were estimated from station data [4] that were spatially interpolated by methodology developed by Willmott and Robeson [ 5 ] . Their algorithm makes use of a climatological (long-term average) monthly or ? field to assist in interipolating any particular monthly P or T field of interest. Terrned climatologicallyaided interpolation or CAI, the procedure improves upon the simple interpolation from station obs_ervations by exploiti2g the spatial colinearity bgween-P and P (or between T and T ) , and the knowledge that P and T are available at meaningfully higher spatial resolutions than are observations of P and T. Using CAI, monthly fields of P and T were interpolatizd to a 0.5' grid for the period April 1979 to March 1985 (for a full description of CAI as used in this study, see 161).
Simulated Discharges
The Water Balance/Water Transport Model (WBMrWTM) was used to generate a six-year monthly time series of discharge for each 0.5 degree cell representing the entire Amazon drainage basin. The WBM relies on a series of biophysical data sets which specify land surface propertles and time-varying fields of precipitation and temperature to predict monthly water balances, specifically soil moisture, evapotranspiration, and runoff on independent grid cells [7] . The WTM routes runoff using a simu1ai:ed network topology (Fig.lb) and a system of coupled differential equations. The WTM is a quasi-linear cascade model, with linear flow within channels and temporary storage of water along floodplains during high flow periods. The W B M N T M was calibrated to match published discharge hydrographs [8] .
Since there are few published high resolutiori time series, the modeled flows represent a sensible interpolation of the available discharge fields which are distributed hundreds of kilometers apart and subject to numerous sharp gradients brought about by tributary inflows. Use of these simulated flows allows us to characterize the discharge regime along much of the mainstem river that would not otherwise be possible.
Passive Microwave Radiometer Data
Monthly values of the SMMR 37 GHz horizontally and vertically-polarized temperature differences (OK) were obtained from NASA's Pilot Land Data System Archive: [9, Fig.lc] . Three corrections were made to the original PLDS data set (Fig.2) . To account for the sensor geolocation error of the beam center, on the order of 12 km, the original data were first re-sampled to 0.5 x 0.5 degree resolution using a simple spatial integration procedure that gave proportional weighting to each 0.25 degree signal based on its areal extent within the larger 0.5 degree cell. Next, each monthly HVI'TD value at 0.5 degree resolution was averaged with the corresponding value from each of its five adjacent upstream cells, to minimize the effect of local variations in river morphology. Lastly, since the original monthly HVPTD time series was based upon a single observation taken during the named month (the second lowest of the daytime values;t, a temporal error was embedded within the data set. To cornpensate for this, a weighted moving average was applied (Fig.2) . The analysis is discussed in [6] .
RESULTS
Flows derived from both the climate-based WTM and the remotely-sensed HVPTD provide a useful synoptic view of how Amazon River discharge varies over space and time (Fig.3) . Both models show the progressive downriver increase in discharge and the influence of tributary inflows. The magnitudes depicted by each model are quite similar. The WTM clearly shows inter-annual variations in discharge, the most dramatic of which are associated with the 1982-83 ENSO event. The HVPTD also captures the ENSO discharge dynamics. The most upstream sites show less seasonal variability with HVPTD than with WTM-derived fields, suggesting that the influence of greater amounts of vegetated area and thus less water-filled area limit the general utility of the 37 GHz HVPTD model in this region.
SUMMARY AND CONCLUSIONS
This study demonstrated the concurrent use of ground-based meteorological station data, passive microwave radiometer data, and calibrated water balance and transport models to infer flow regime in a large, floodplain-dominated river. Although there are limits to the use of such satellite-derived discharge models, this research has clearly demonstrated their potential to remotely monitor the status of river systems in real time. Through collaborative research with the University of California (Santa Barbara) we are currently developing methods to couple the onset and cessation of floodplain inundation as derived from 37 GHz time series data from both the SMMR and its successor, the SSM/I, to our hydrology model in the Amazon, Parani, and Orinoco Rivers.
We have demonstrated the possibility of monitoring the dynamics of a large tropical river with a relatively coarse passive microwave sensor. Both the SSMR and SSM/I time series provide an excellent synoptic tool for providing time series in large floodplain-dominated rivers. A n operational capacity for smaller river systems will require higher resolution sensors and techniques that exploit synergistic optical, passive and active microwave sensors.
